Objective: The objective of this study was to present an analysis of progression of the quality of life and pain in patients undergoing surgical treatment of LSS and the potential correlations between individual factors and the clinical outcome observed. Methods: We studied 111 patients undergoing surgical treatment of LSS from January 2009 to December 2011 using the functional capacity (ODI) and pain (VAS) questionnaires. The preoperative data were compared statistically with the results obtained during the postoperative follow-up at one month, six months, one year, and two years. Results: The population consisted of 60 men and 51 women. The mean age was 61.16 years at the time of surgery, 33.33% were 60 years or older. When the questionnaires were applied, we found improvement in the progressive disability assessment with a mean drop of 23.65 ODI points after 6 months of the surgical treatment and 27.47 at the end of one year of surgery compared to preoperative for this scale. There was a decline of 3.84 points (mean) in the VAS at first postoperative month. Conclusion: Surgical treatment of LSS presented favorable postoperative evolution in a 2-year follow-up regarding pain and quality of life through VAS and ODI. Level of Evidence IV; Case series. 
INTRODUCTION
Lumbar spinal stenosis (LSS) is a painful and potentially disabling condition affecting mainly the elderly population 1 and considered the principal indication for spine surgery in patients over 65 years of age in the United States. 2 Although its exact incidence in unknown, it is estimated to affect between three and twelve out of every 100,000 people over 65 years of age annually. 3, 4 LSS is the result of a narrowing of the canal that causes confinement of the neural structures by the spinal bones and the adjacent soft structures. 5 It may involve the central canal, the lateral recess, the foramens, or even a combination of these. 3 One of the symptoms is intermittent neurogenic claudication, the main cause of impaired mobility and loss of independence, compromising the quality of life of the elderly. 6 The various forms of conservative treatment show progressive improvement in 15 to 43% of patients during follow-up of from 1 to 5 years. 7 In the absence of improved symptoms with proper prolonged treatment or when there is progressive deterioration of the neurological function, surgery is indicated to improve patient quality of life. 4 Decompression of lumbar stenosis is associated with arthrodesis of the level when associated degenerative segmental instability exists. 5, 8 Fixation, when correctly indicated, improved the outcomes from stenosis surgeries in long-term assessments, 9 but there is still doubt around which factors can influence the results of surgeries for lumbar spinal stenosis. 10 The objective of this study was to present an evolutive analysis of the quality of life and of pain in patients who underwent surgical treatment for LSS using questionnaires administered both pre-and postoperatively. In this analysis, we sought to define possible correlations between individual factors and the clinical outcomes observed.
METHODS
After approval by the Institutional Review Board (CAAE: 13842913.5.0000.0082), 111 patients who had undergone surgical treatment for LSS during the period from January 2009 to December 2011 were studied. All the patients signed the Informed Consent Form. They were assessed using clinical methods and complementary exams, such as simple and dynamic radiographs and magnetic resonance imaging (MRI), and diagnosed with LSS. Outpatient follow-up was performed by the same medical team during the period at the spinal surgery service of the Hospital Estadual Mário Covas, in Santo André -São Paulo. After outpatient follow-up and conservative treatment, when failure of the implemented therapy was observed, the patients were submitted to surgical treatment. Cases in which the preoperative evaluation did not indicate segmental instability were submitted exclusively to decompression, while patients who presented associated instability underwent decompression surgery and lumbar arthrodesis, according to clinical and radiographic criteria presented in the literature. 11 Functional capacity (Oswestry Disability Index -ODI) and pain (Visual Analog Scale -VAS) questionnaires were administered in the preoperative period and during postoperative follow-up at one month, six months, one year, and two years. The questionnaires were applied by two orthopedists specialized in spinal surgery, members of the Spine Group of the Faculdade de Medicina do ABC, who also conducted the pre-and postoperative clinical evaluations.
The ODI is a questionnaire aimed at measuring disability, based on social and physical limitations resulting from the condition being treated. It contains 10 questions that contemplate different daily activities. 12, 13 The VAS is a simplified, subjective assessment tool using an analog scale in which the patient assesses and classifies their pain by assigning a score from zero to ten. 14 We also observed the variables of sex, age, smoking, number of levels operated, return to work, and whether the patients would undergo surgery again to prospectively evaluate possible interference from these individual factors in postoperative clinical evolution. Only patients with degenerative diseases were included in this study, regardless of age. Patients with tumors, infections, fractures, surgical revisions, cases in which the questionnaires were not administered properly, and cases lost to follow-up were excluded from the study.
Statistical methodology
We used Stata 11.0 software. The qualitative variables were described using frequencies and percentages. Means and confidence intervals were used to describe the quantitative variables. The Kruskal--Wallis test was used to analyze the association between quality of life and surgical levels and the Mann-Whitney test was used for the associations between quality of life and return to work, smoking, and satisfaction. The level of significance considered was 95%.
RESULTS
One-hundred and eleven patients out of a total of 129 were included in the study ( Table 1 ). The population consisted of 60 men (54.05%) and 51 women (45.95%). The mean age was 61. 16 When the questionnaires were applied, we found progressive improvement in disability through the ODI. We observed a progressive drop in the mean values of the ODI questionnaire as compared to the preoperative score: a reduction from the initial 65.98 points to 57.73 after one month, 42.33 after six months, 38.22 after one year, and 38.22 after two years ( Figure 1 ). The mean pain score measured using the VAS scale moved from 8.73 in the preoperative period to 4.89 after one month, to 4.22 after six months, 3.83 after one year, and 3.88 after two years ( Figure 2 ).
Statistical correlation results
We did not observe any statistically significant differences in our prospective analysis of the ODI and VAS scores in relation to the sex of the patients, when studied separately. Analyzing the scores of patients under 60 years of age, we saw an improvement in the mean values of pain and disability, but we did not observe any statistically significant differences in the prospective analysis of the results by age group (Table 2) .
There were no statistically significant differences between the scores of smoking and non-smoking patients in this comparative analysis ( Table 3) .
As regards the surgical technique used and the number of levels surgically treated, we observed that the ODI and VAS scores of patients who underwent surgical treatment improved, but without statistical differences between them (Table 4 ) when the variables were studied individually in the prospective analysis.
There were no statistically significant differences in the evolutive analysis between patients who returned to work and those who did not in relation to the pre-and post-operative periods (Table 5 ). In our assessment of the ODI and VAS scores of the patients who answered that they would undergo surgery again and of those who said they would not, we did not observe any statistically significant interference in the comparative analysis of the results at the different observation points (Table 6 ). In the comparative evolutive analysis between the ODI and VAS scores, we observed a similar pattern of decline in the post-operative period at 1 and 6 months, trending towards stabilization after 1 and 2 years of post-surgical outpatient follow-up. Thus, we studied the variables of age, sex, smoking, surgical technique, number of levels operated, return to work, and personal satisfaction, individually in relation to the ODI and VAS Pre-1 month 6 months 12 months 24 months scores in the preoperative and evolutive postoperative periods. We did not find statistically significant differences in any of the cases and consequently we could not attribute individually determinant factors to any of the study variables for different outcomes in relation to the pain (VAS) and disability (ODI) results observed.
DISCUSSION
In this study, an evolutive analysis of the quality of life and pain of patients submitted to surgical treatment for lumbar spinal stenosis was conducted and showed favorable postoperative evolution.
Degenerative LSS is a chronic condition that affects elderly patients who many times have associated diseases that contribute to their limitations and the intensity of their pain. According to the literature, patients with lumbar spinal stenosis, become symptomatic and undergo decompression around the fifth or sixth decade of life. 15 In most cases where surgical treatment is involved, the mean age is 65 years or greater and the interventionist therapy is motivated by the failure of clinical treatment or a worsening of symptoms. 16 In our analysis, the mean patient age at the time of surgery was 61.16 years. As compared to a similar study in the national literature, Valesin et al. 17 observed a mean age of 66.5 years in a range of from 45 to 85 years of age. In their study involving 1764 patients who underwent surgical treatment for lumbar spinal stenosis, Sobottke et al 18 divided the patients into 3 age groups -less than 65 years, from 64 to 75 years, and 75 years or above -for an analysis of complications and clinical results. The authors reported that age did not interfere with the risk of surgical complications or levels of patient satisfaction with the surgical procedure to which they were submitted, in the postoperative follow-up. According to a study by Li et al., even in patients over 75 years of age in satisfactory clinical condition, surgery for lumbar spinal stenosis is a safe and justifiable treatment option for elderly patients when clinical treatment fails. 19 According to Kalff et al. 16 in a study including 55,793 patients over 65 years of age in treatment for lumbar spinal stenosis, there is currently no specific evidence-based recommendation for treatment of stenosis in the elderly because of the absence of adequate randomized clinical trials available for this condition in this age group. According to Li, 19 the comorbidities presented by elderly patients submitted to surgical treatment for lumbar spinal stenosis, and not necessarily their age, cause greater risks of adverse effects and complications in the surgical outcome. In our study, we observed that age did not influence the pain and disability results, possibly showing that, in these patients, the main limiting factor was actually the vertebral pathology, although specific questionnaires about other degenerative orthopedic comorbidities, or even clinical conditions, were not administered.
Although some authors report a slight male predominance in studies of patients submitted to surgical treatment for LSS, 20 there is no consensus about the exact proportions of this distribution in surgical evaluations in the literature, since other factors are involved in the indication, such as regional peculiarities and ethnocultural variables, as well as work activities that could contribute to the worsening of symptoms. According to Katz, 21 women who undergo laminectomy to treat LSS do so at substantially lower functional levels than men, and they also present greater clinical improvement in the comparative evaluation of the sexes. The authors point out that women possibly undergo surgical treatment in more advanced stages in the course of their illnesses and that, possibly, this happens because of individual preference, differences in accessibility to healthcare services, in addition to specific demographic and clinical factors. According to Hall, 22 women with LSS exceed men at a ratio of 3:1 to 5:1. The preponderance of women may be related to hormonal changes and consequent ligamentous laxity, as well as to higher incidences of spondylolisthesis in females. This study found a predominance of men at 54.1%. However, in our analysis of the VAS and ODI in relation to sex, we did not observe significant correlations or differences that could attribute changes in the clinical results to the sex of the patient.
The negative effects of smoking on the spine and on the results of spinal surgery have been shown. Smoking increases the risk of lumbar disc degeneration and inhibits spinal arthrodesis. 23, 24 In a study 23 related to smoking and the surgical outcome of decompression and lumbar arthrodesis procedures, significantly lower functional improvement was observed in the SF-36 and ODI questionnaires with intervention in smokers. Sandén et al. 24 confirmed that smoking is an important predictor of results 2 years following lumbar spinal stenosis surgery. Smokers have less improvement in the quality of life following surgery than non--smokers. In our study, there was not a significant difference in the analysis of the quality of life and pain scores of smokers as compared to non-smokers. This observation possibly indicates that there are multiple factors associated with the postoperative evolution of LSS that interfere with the control of progressive pain and disability and that the analysis of a single isolated factor may not determine the outcome exclusively.
The population studied showed homogenous improvement in the level of quality of life (ODI) and pain (VAS) without any influence from the number of levels operated. In agreement with the results in the literature, we believe that a precise indication is fundamentally important to favorable results in the surgical treatment of this condition. The studies by Glassman et al., 25 Valesin Filho et al., 17 and Godfryd et al. 26 observed a statistical difference in the quality of life in relation to the number of arthrodesed levels. In view of this, we can conclude that when well-indicated, surgical treatment may present favorable results regardless of the scope of the surgery, although there is no consensus around this subject in the literature. Table 6 . Association between satisfaction and ODI and VAS scores. The ODI score categories are minimal disability (0 -20), moderate disability (21 -40) , severe disability (41 -60), crippled (61 -80), and bed-bound (81-100). 12, 13 Six months following surgical treatment, we observed a mean decrease of 23.65 points (65.98 -42.33) when compared to the preoperative score values for this scale. After one year, there was a mean decrease in the ODI from the preoperative score of 65.98 to 38.51, i.e., most of the patients classified as crippled before surgery had moved to the moderate disability category one year after surgery. Hagg et al. 27 considered a decrease of 10 points from the preoperative score over the same one-year period to be good results. According to Copay et al., 28 a difference of 12.8 points in the analysis of evolutive disability after six months is considered a satisfactory surgical outcome. Two years following treatment, we observed a regression of 42 points in the mean ODI values. According to the study by Ostelo et al., 29 a reduction of 30 percent in comparison to the preoperative, in comparison to the preoperative functional status score indicates a satisfactory surgical outcome. One possible hypothesis for the elevated improvement in the ODI levels in the present study is the fact that our patients were severely disabled. The chronic profile, the difficult and slow process of access to the public specialized healthcare system, and even the expectations regarding the procedure may have contributed to a more favorable outcome.
On the other hand, the VAS scale by definition has grading levels from 0 to 10 points, indicating progressive pain intensity. We observed a mean decline of 3.84 points (8.73 -4.89 ) in the first month following surgery. According to Carvalho et al., 30 an improvement of 2 points in this period is considered a good outcome. The evolutive variation in pain ranged from strong (7 -9) to mild (1 -3) after 1 year. Mean points varied sequentially from 8.73 in the preoperative period to 4.2 after six months, to 3.83 after one year, to 3.88 after two years. According to Fekete et al., 31 most surgical spinal procedures reduce pain, but rarely are they able to eliminate it completely. Thus, according to the authors, a report of success or favorable surgical outcome in painful spinal ailments should be redefined to reflect a more realistic objective of achieving a clinical condition equivalent to an "acceptable state of symptomatology" for the patient. For degenerative diseases in general, the authors assign VAS values equal to or less than 3 points for this observation. In our study, comparative analysis of mean ODI and VAS when paired did not yield a statistically significant difference at the different observation points. However, at six months we observed a tendency towards the leveling out of clinical improvement, with the stabilization of progressive improvement in the levels of disability (ODI) and pain (VAS) during follow-ups from six months to two years. Most studies follow a standard of a minimum of two years of follow-up for results evaluation. According to Melancia et al., 32 there is currently Class 1B evidence indicating that surgery is beneficial for the treatment of lumbar spinal stenosis, at least in the short term. The parameters present gradual improvement during the first year of follow-up and then tend to stabilize, maintaining constant indices after two years and showing both the efficacy of the procedure and good maintenance results, in agreement with prospective long-term evaluations in the literature. 33 In this study we found a 55.26% rate of return to work, while Pihlajamäki et al. 34 observed a rate of 36.5%. In a study involving 439 patients who underwent surgery for LSS, Airaksenen 35 observed that return to work can be considered an indicator of a favorable surgical outcome and that the ability to perform professional activities prior to surgery is predictive factor for a good outcome. According to the authors, of the 86 patients previously actively working, 52 (60.46%) returned to work. In the study by Herno et al., 36 37% of the women and 41% of the men returned to work. Truszczyńska et al. 37 reported that a total of 75% of patients operated for LSS did not return to their preoperative jobs. According to the authors, difficulty returning to work and reduced quality of life are associated with the female sex, a lower educational level, strenuous physical work, and low income. However, we believe that analysis of return to work is a complex issue involving regional and socio-economic peculiarities that may hamper comparative evaluations in certain areas.
This study aims to corroborate strong evidence of the favorable impact of carefully indicated surgical treatment of LSS on patient perception in their subjective assessment of pain and disability. We found that most of the patients (82.88%) were satisfied with the results in responding that they would undergo surgery again. We did not observe statistically significant correlations in our analysis of pain and quality of life in relation to the patients' personal satisfaction. Kalbarczyk 38 reported a satisfaction rate of 91% in a population of 148 elderly patients over 70 years of age submitted to surgical treatment of LSS. In a meta-analysis of more than 74 publications focused on surgical treatment of LSS, Turner 39 found a mean rate of satisfaction and favorable results of 64%. According to Yamashita, 40 patient personal satisfaction is correlated with the severity of symptoms, walking ability, and functional assessments in specific questionnaires. According to the authors, who observed 204 patients who underwent surgical treatment for LSS, personal satisfaction is much more related to the final functional results observed in the scores than in the variation of scores in each case. However, it was reported that patient satisfaction, although a valid analysis, does not allow us to distinguish objectively, nor does it reflect the individual clinical changes, with many subjective factors interfering in the evaluation. Gepstein et al. 41 recommended that more information be supplied to the patient prior to the surgical procedure in order to reduce the gaps that still exist between expectations around and satisfaction with the intervention. Several other factors potentially interfered with the evolution of the patients, such as clinical comorbidities, the experience of the surgical team, the ASA anesthetic assessment, blood loss, and surgical time, among others, but were not in the scope of this study. 42 
CONCLUSION
The surgical treatment of LSS showed favorable postoperative evolution during follow-up of two years in an analysis of pain and quality of life of 111 patients based on the ODI and VAS. Several factors interfered with this process, however, we did not observe significant correlations when they were evaluated individually, pointing to the complexity of objectively defining factors that determine the outcome of this condition.
